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e A 3b5-years-old Puzzle

e AdS/CFT correspondence
e AdS/CFT and QCD Hydrodynamics

e Thermalization of a perfect fluid
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A 35-years-old Puzzle
A String Theory for Strong Interactions ?

Strings = Gauge Fields = Strings

1968 = 1974 = 1998
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AdS/CFT Correspondence

J.Maldacena (1998)
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More on AdS/CFT

e Ds-brane Solution of Super Gravity:
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e “Maldacena limit”:
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Strong coupling limit
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Background Structure: AdS; x S5



Holography
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Con finement or Temperature : Minimal Surfaces with Horizon



AdS/CFT and QCD Hydrodynamics

QGP and Hydrodynamics: J.D.Bjorken (1982)

QGP

e Boost Invariance

hadronic gas
mixed phase |» described

by hydrodynamics

pre-equilibrium stage
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e QGP: Perfect fluid behaviour

e Pre-equilibrium stage: Fast



The 4d Energy-Momentum Tensor

e Constraint Equations

TH, = Ty, + 2 Ty + 2Tes = 0
D, 1" = LT, + T, + 5T, =0

e Boost-invariant Tensor

f(7) 0 0 0
T 0 —7 de(T) 2 f(7) 0 0
“=| o 0 FEO+irdfr) 0
0 0 0

e l-parameter family

f(r)oct™8 + (0<s<4; T,tHht" >0)
f(r) 7'_% : Perfect Fluid
f(r) < 77t: Free streaming



4 — 5d: Holographic Renormalization
K.Skenderis (2002)

e Fefferman-Graham Coordinates:

o Gwdrtdxz” + dz*
= >
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e 4d < Hd metric:

— ¢0(= ) + 2290 (= 0) + 2" g% (o (Tpu)) + . ..

+...: from Einstein Egs.



Technicalities...

e Boost-Invariant ansatz:

_ea(T,z)dTQ + TQGb(T’Z)dyQ + 66(7’,2) d.’l?i dz2

2 _
ds® = 5
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e Einstein Equation(s):

la(T, 2),b(T, 2), (T, 2)] = [a(v),b(v), c(v)] + O (Ti#)

Z
v= 7s/4

v(2a’ (v)c (v)4a' (V)Y (v)+2V (v) (v)—6a’ (v)—6b' (v)—12¢ (v)+vd (v)* = 0
3uc' (v)? 4+ vb' (v)? + 20" (v) 4 4vc” (v) — 6V (v) — 12/ (v) 4 20b (v) (v) = 0
20sb” (v) + 2sb (v) 4+ 8a’ (v) — vsa/ (V)b (v) — 8V (v) + vsb (v)*+
dvsc” (v) + 4sc' (v) — 2usd’ (v)c (v) + 2vsd (V)2 =0 .

e Asymptotic Solution

a(v) = A(v)—2m(v)
b(v) = Aw)+ (25 —2)m(v)
clv) = Aw)+ (2—s)m(v)
(1)



Dual of a Perfect Relativistic fluid

e Asymptotic metric
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e Black Hole off in the 5th dimension

Horizon : zg = <

Entropy : S(1)
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e Other cases: True Singularities # BH




AdS/CFT: Selection of the Perfect
Fluid
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Thermalization of a perfect fluid

e Thermal stability from scalar excitations:

1 y
A¢p = ——0; (vV=99"8;¢) =0

0, — 7'_%(9@ . Op — 87-—%7'%&)}

L (1+vh)? 2 1 8
_U3 1 _ U4 aTgb(Tﬂ)) +7T 3 av ﬁ(l — v )8U¢(7-7v) =0
e Scaling solution
2 2 _—2 3 2 1 §iw7'%
O2f(r)=—wt73f(1) = f(r)= \/?Ji% qWTE |~ T8 e
L o 1 (140
Oy <v3(1 v )&,gb(v)) +w i — ¢(v) =0

e Dominant Decay Frequency

‘“_} ~ 3.1194 — 2.74667 i
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Conclusions

e AdS/CFT and Strings
Construction of “Gravity Duals”

e AdS/CFT and QGP Hydrodynamics
Construction of the “Dual” of relativistic fluids

e Selection of the perfect fluid
Non-singular 5d Horizon = Asymptotic
4d pertect fluid

e Thermalization:
The perfect fluid is “very stable”

Unexpected AdS/CFT consequences for QCD at strong
coupling?



